We have employed the relativistic coupled cluster theory to calculate the magnetic dipole and electric quadrupole hyperfine constants for the ground and low lying excited states of singly ionized magnesium. Comparison with experimental and the other theoretical results are done and predictions are also made for a few low lying excited states which could be of interest. We have made comparative studies of the important many body effects contributing to the hyperfine constants for the different states of the ion. 
Introduction
The hyperfine interactions in alkali metal atoms and alkaline earth ions have been of interest for quite a long time [1, 2] . A number of theoretical investigations including some based on relativistic many-body theory have been performed [3] [4] [5] and they compare reasonably well with experiments. Some of the theoretically predicted values could be of experimental interest with the advent of high precision techniques [6] involving trapped and laser cooled atoms [7] and ions [2] .
The high precision calculations of different properties of many-electron atoms requires accurate wave-functions in the nuclear region as well as the region far from the nucleus. The study of properties like hyperfine constants requires the former. Since hyperfine interactions are sensitive to electron correlations, the determination of atomic hyperfine constant provides an important test for ab initio atomic structure theory [8] .
In this paper we have carried out ab initio calculations of the magnetic dipole and electric quadrupole hyperfine constants and compared the many-body effects for the ground as well as some excited states. Section 2 provides the necessary theoretical background to the magnetic dipole (A) and the electric quadrupole (B) hyperfine constants. Section 3 gives an overview of the coupled-cluster theory and its application to this specific problem. Finally a e-mail: csur@iiap.res.in in Section 4 the results of our calculations are presented and discussed.
Theory
The interaction between the various moments of the nucleus and the electrons of an atom are collectively referred to as hyperfine interactions [8] . In this paper we shall consider the interactions between the atomic electrons with the nuclear magnetic dipole and electric quadrupole moments. Nuclear spin gives rise to a nuclear magnetic dipole moment and the departure from spherical charge distribution in the nucleus produces an electric quadrupole moment.
The hyperfine interaction is given by [9]
where M (k) and T (k) are spherical tensors of rank k, which corresponds to nuclear and electronic parts of the interaction respectively. The lowest k = 0 order represents the interaction of the electron with the spherical part of the nuclear charge distribution. The eigenstates of the atomic Hamiltonian in the presence of a hyperfine interaction are denoted by |IJF M F . Here I and J are the total angular angular momentum for the nucleus and the electron state, respectively, and F = I + J with the projection M F .
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The k = 1 term describes the magnetic dipole coupling of the nuclear magnetic moment with the magnetic field created by the electron at the position of the nucleus. The nuclear dipole moment µ I is defined (in units of Bohr magneton µ N ) as
and the operator T
(1) q is given by [10]
Here − → α is the Dirac matrix and Y λ kq is the vector spherical harmonics. In equation (4) the index j refers to the jth electron of the atom and e is the magnitude of the electronic charge. The magnetic dipole hyperfine constant A is defined as
and the corresponding magnetic dipole hyperfine energy W M1 is given by
where
The second order term in the hyperfine interaction is the electric quadrupole part. The electric quadrupole hyperfine constant is defined by putting k = 2 in equation (2). The nuclear quadrupole moment is defined as
Here, C (k) q = 4π/(2k + 1)Y kq , with Y kq being the spherical harmonic. Hence the electric quadrupole hyperfine constant B is B = 2eQ 2J(2J − 1) (2J + 1)(2J + 2)(2J + 3)
and the corresponding electric quadrupole hyperfine energy W E2 is given by
In equations (4) and (7) t
q 's are the single particle reduced matrix elements for the electronic part. The reductions of the single particle matrix elements into angular factors and radial integral are straightforward by means of using the Wigner Eckart theorem. These single particle reduced matrix elements are given by κ t
and κ t Here the single particle orbitals are expressed in terms of the Dirac spinors with P i and Q i as large and small components respectively.
